Titanium is the most widely preferred metal material for bone reconstruction in orthopedics and dentistry. To improve its biological performance, various coatings can be applied. In this investigation, a biomimetic coating on a model implant surface was studied in X-ray and neutron reflectivity experiments to probe the quality of this coating, which is only few nanometers thick. Titanium was deposited on polished silicon surfaces using a magnetron sputtering technique. To improve the lipid coating's stability, a stronger van der Waals interaction was first created between the implant surface and the biomimetic coating by adding a phosphonic acid (n-octadecylphosphonic acid -OPA) monolayer onto the surfaces. Then, three monolayers of POPE (phospholipid 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-ethanolamine) were transferred using the Langmuir-Blodgett (LB) and Langmuir-Schaefer (LS) techniques. The analysis of X-ray and neutron specular reflectivity data shows that OPA molecules cover the model implant surface completely and that approximately 50% coverage of POPE can be achieved by LB and LS transfer.
Background
The demands on medical implants as safe and long-term solutions for problems with the musculoskeletal system are rapidly growing due to increased life expectancy, changing lifestyles and improved implant technology [1] . At present, problems related to orthopedic, oral and maxillofacial disorders annually affect millions of patients. The diseases and problems caused by damaged bone tissue represent an worldwide annual cost that now exceeds 40 billion euro [2] . Furthermore, the rapid increase of the number of elderly people due to longer life expectancies and different types of degenerativedystrophic changes such as osteoarthritis and rheumatoid arthritis [3] require that implants endure longer and perform even when patients have compromised health conditions [4] . Recent scientific discoveries have provided novel insights into the biological mechanisms that are responsible for bone healing [5] . These achievements currently facilitate the development of implants that interact optimally with bone tissue due to a so-called "smart implant surface". As a consequence, implants have become increasingly important in regaining health and improving quality of life.
Any materials that are implanted in bone tissue are required to be non-toxic, non-immunogenic, non-thrombogenic, and non-carcinogenic [6] . In this respect, titanium and its alloys have become preferred materials. The formation of a thin but very stable oxide layer on the surface is responsible for the inertness of these types of implants [7] .
Several attempts have been made to develop implant surface modifications that may prolong the lifespan of an implant and ensure faster and more stable implant incorporation, which allows patients to have a shorter recovery time. To obtain biologically active materials that provide biological cues for tissue regeneration, various coatings can be applied [8] . One possible approach is a biomimetic coating based on phospholipids that can induce calcification or better cell differentiation [9] [10] [11] [12] . Therefore, biomembranes could serve as a model for the molecular engineering of biocompatible and bioactive surfaces for implantable biomaterials [13] .
Critical issues for these types of surface modifications are the stability of the coating during implantation and its subsequent performance. Phospholipid coatings may not be stable enough in a liquid environment due to their tendency to form micelles, vesicles or other aggregates in water. One possible way to improve the adhesion between the metal surface and the lipids is to create a strong van der Waals interaction between the implant surface and the phospholipid coating. Here, an interface was created by first applying a self-assembled monolayer (SAM) of OPA (n-octadecylphosphonic acid -C 18 H 38 O 3 P) coating prior to Langmuir-Blodgett lipid deposition. The SAM of OPA forms a highly stable phosphate-metal cation under specific conditions (e.g., temperature) as the affinity of the phosphate in the OPA molecule to Ti (IV) is very high. These bonds directly link the phosphate head group to the metal cation through either one oxygen atom (monodentate) or two oxygen atoms (bidentate) [14] . In a subsequent step, phospholipids were added, and the hydrophobic surface formed by the OPA alkyl chains should offer a more stable configuration due to the stronger van der Waals interactions with an adjacent phospholipid monolayer than a native titanium surface [15] . In a subsequent step, the phospholipid POPE is added. Thus, an asymmetric bilayer is formed that is linked to the surface, at the same time it is expected that such an asymmetric bilayer still exhibits the liquid crystalline properties of membranes. This layer serves as the first layer of the biomimetic coating. However, it was deduced from cell culture experiments that even more lipid bilayers, though only weakly bound by hydrophobic-hydrophilic interactions, seem to be present. To elucidate whether this assumption is true and how these layers form, we undertook this study.
In this work, the POPE phospholipid 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-ethanolamine is used due to its unique biophysical properties such as polymorphism, i.e., the capability to form inverse hexagonal structures that is a prerequisite for cell division [16] . POPE contains the zwiterionic head group phosphatidylethanolamine (PE), which is found in all living cells and composes up to 30% of membrane phospholipids. In human physiology, it is particularly found in nervous tissue such as the white matter of the brain, nerves, neural tissue, and the spinal cord [17] . Additionally, PE is thought to be important in the heart. When blood flow to the heart is restricted, the asymmetrical distribution of PE between membrane leaflets is disrupted, and the membrane itself becomes disrupted as a result [18] .
X-ray and neutron reflectivity techniques are the most appropriate methods to study ultra-thin organic films [19] . Both techniques are very sensitive to changes in the scattering length density (SLD) profile normal to the interface. Such a profile can be defined with angstrom resolution [20] . When investigating biological objects, the neutron reflectivity technique is especially useful because the high penetration depth of neutrons in silicon makes it possible to perform the measurements at a solid-liquid interface, which in the first approximation can constitute an in situ measurement [21] . Another reason to use neutrons is that the neutron SLDs of alkyl chains, D 2 O, titanium and titanium dioxide are very different. This difference yields enhanced contrast for the self-assembled monolayer of OPA.
Herein, we present X-ray and neutron specular reflectivity data to characterize the structure of this OPA -POPE coating on a titanium surface with a titanium dioxide layer.
Methods

Implants
For X-ray reflectivity measurements, the model implant surface was a layer of titanium (99.7% pure, PureTech, New York, NY, USA) that was sputtered onto a silicon substrate (DXL Darmstadt, Germany) with a polished surface.
In the neutron reflectivity experiments, the titanium was deposited on a silicon crystal (8 × 5 × 1 cm) with a polished surface provided by Siltronix Archamps Technopole (Archamps, France).
All depositions were performed at the Helmholtz Zentrum Geesthacht (HZG) using a magnetron sputter deposition chamber capable of handling large substrates [22] . The chamber was operated with a base pressure P base in the range of 10 -8 mbar and a working Ar pressure P working of 2×10 -3 mbar. The two circular (7.6 cm in diameter) magnetron sputter sources were installed into the high-vacuum sputter chamber. To ensure more homogeneous film thicknesses, the substrate was rotated about its center point. The samples were loaded through a special airlock system that allows the vacuum to remain unbroken. The nitrogen cryostat that was implemented into the chamber increases the quality of the vacuum. The temperature of the substrate during the coating process was measured using a thermostat connected to the bottom of the substrate, and it was maintained at 25±3°C. The distance between the substrate and the sputter sources was approximately 25 cm, and the angle to the substrate normal was 22.5°. The deposition speed was 0.04 nm per second, so the amount of deposited titanium can be accurately predicted according to the deposition time.
However, the precise thickness of the deposited titanium layer and the thickness of the titanium dioxide layer, which forms immediately when the titanium surface is in contact with air, must be determined by X-ray (neutron) reflectometry.
Opa coating
The OPA coating procedure relies on the T-BAG (Tethering by Aggregation and Growth) technique, which is a simple method for the synthesis of self-ordered, selfassembled and continuous monolayers. The procedure was adapted from that in a previous study [23] . The samples were first cleaned with double-distilled water, then with acetone (Sigma-Aldrich Chemie GmbH, Munich, Germany) and finally with methanol (Sigma-Aldrich Chemie GmbH, Munich, Germany). The strongly bound monolayer film of OPA on the native oxide surface of the Ti samples was obtained by immersion in and the slow evaporation of dissolved OPA (Sigma-Aldrich Chemie GmbH, Munich, Germany) in dry tetrahydrofuran solution (Sigma-Aldrich Chemie GmbH, Munich, Germany). The concentration of the diluted solution was 33.4 mg of OPA in 100 mL of tetrahydrofuran. After heating the solution to 120°C for 64 hours, unbound OPA was removed by the sonication of the specimen in tetrahydrofuran and in methanol (Sigma-Aldrich Chemie GmbH, Munich, Germany). At the end of the procedure, a homogeneous OPA monolayer was formed on the metal surface.
Langmuir-blodgett deposition
The asymmetric lipid bilayer was prepared using the Langmuir-Blodgett (LB) technique. Here, we used a Nima 611 Langmuir-Blodgett Trough [24] that had a special reservoir for large-sized samples (5 × 8 × 1 cm). The monolayer of POPE lipids was formed in a LB reservoir that was filled with water between two special barriers that controlled the surface tension of the monolayer.
The formation of a lipid monolayer is based on the ability of phospholipids to orient themselves at an air/ water interface to minimize their free energy and form an insoluble monolayer called a Langmuir film [25] . By dripping a dilute solution of POPE with the concentration -1 mmol POPE per 1 L solvent (20% methanol and 80% chloroform), molecules of POPE are spread over the interface. A monolayer is established after the solvent evaporates. It is assumed that the solvent evaporation is finished when the surface tension between the barriers in the LB reservoir stabilizes. In the next step, the surface tension of the POPE monolayer is driven to 35 Nm/m 2 by changing the area between the barriers because this value corresponds to the surface tension of a lipid membrane in vivo [26] .
When the POPE monolayer is in equilibrium, the deposition process begins and phospholipids are transferred to the OPA-coated Ti crystal in three steps ( Figure 1 ).
The speeds when dipping into and out of the solution were the same and equaled 0.2 mm per second, which was the lowest speed for this device, for the first two iterations. For the third iteration, the speed was 5 mm per second, which was the highest speed for this device.
The samples containing a free-floating lipid bilayer were probed only in the neutron reflectivity experiment because they had to remain in liquid at all times after the last step of the deposition procedure.
X-ray experiment dry measurements in air
X-ray experiments were performed to check the quality of the OPA coating procedure. These experiments were performed at HZG by applying the X-ray diffractometer XRD 3003 PTS (Seifert & Co, Germany) using a Cu tube (CuKα radiation, λ=1.541 Å) and a Göbel mirror for vertical collimation onto the sample to increase intensity. The scattering plane lies here in the horizontal direction. The measured intensity of the scattered beam was corrected for small angles due to over-illumination effects by the so-called footprint correction (a detailed Figure 1 POPE deposition in three steps. Three steps of the deposition: The first step is the Langmuir-Blodgett transfer-the OPA coated Ti crystal, which is perpendicular to the water surface, is dipped through the monolayer of POPE lipids; The second step is the Langmuir-Blodgett transfer -the sample is moved up perpendicularly though the monolayer of POPE lipids; The third step is Langmuir-Schaefer transfer-the sample, which is parallel to the water surface, is pushed through the monolayer of lipids,. Adapted from [27] .
description of the footprint correction can be found in a previous study [28] ).
To extract the specular X-ray spectra, the diffuse background has to be subtracted from the measured reflectivity scan. Such a background can be recorded by performing an offset scan -a longitudinal scan with a slight offset in the θ-2θ condition (θ i ≠θ f ) [29] . The offset in used in the experiment was equal to 0.15 degree, which was determined by rocking scans at several selected positions to ensure that we are far enough to avoid any specular contributions as well as close enough to detect the real background signal.
Neutron experiment measurement in water
Experiments were performed on the time-of-flight reflectometer Figaro (ILL, France). Two incident angles (0.624 and 3.78 degrees) were used to enable measurements of the reflectivity up to 0.3 Å -1 in Q z using wavelengths of the incoming beam in the range from 2 Å to 30 Å. The lambda resolution for this measurement was kept constant at 4.2% by the chopper system. The divergence of the incident angle was less than 2%, which yielded an overall dQ/Q resolution of 4.7%. For data collection, a 2D helium-3 detector was used with an active area of 500 × 250 mm 2 and a resolution of 2 mm × 7 mm. A more detailed description of the Figaro reflectometer can be found elsewhere [30] .
The data treatment was performed according to a standard procedure [31] .
Describing the reflectivity profile
For the data analysis, a semi-kinematic approximation is used. The reflectivity of a rough interface can be expressed as follows [32] :
where ρ(z) is the scattering length density (SLD) profile along the normal direction (Z) of the surface and ρ s is the total difference in the SLD between the two adjoining media (silicon and water or silicon and air in this experiment). In this paper, the Motofit program [33] , based on the Parratt recursion formula [34] , is applied to model the extracted reflectivity curves by considering the leastsquares fitting of multiple-contrast X-ray and neutron reflectivity data. For a non-Gaussian roughness as is the case for very rough interfaces, the scattering length density profile was approximated by slicing the interface into thin slabs of varying scattering length densities [20] .
Scanning electron microscopy
The heat treatment of the OPA coating might have impaired the integrity of the coating. To visualize the surface, a Ti crystal to which the heat treatment was applied and a Ti+OPA coated crystal were probed by scanning electron microscope (SEM) measurements. This experiment was performed using an Auriga SEM (Zeiss, Oberkochen, Germany). SEM images were taken at a 6 kV acceleration voltage with the secondary electron (SE) detector, which produces high-resolution images of the surface. The distance between the electron gun and the surface was kept constant at 9.9 mm during the measurement. All measurements were performed under high vacuum at a pressure of 1.2 -2.7 10 -5 mbar.
Results and discussions
X-ray experiment
In the analysis of the uncoated substrate, the following layers must be considered to model the scattering length density profile (Table 1) :
1) Silicon wafer; 2) Titanium layer; and 3) Layer of titanium dioxide.
The reference X-ray reflectivity curve for the first sample coated with pure titanium is shown in Figure 2 . The fit of the curve did not require an assumption of a layer of silicon dioxide. The best fitting result is achieved with a titanium layer thickness of 636 Å and a roughness of 10 Å. The experimental curve shows a position in Q z at which the oscillations of the metal layer disappear and that divides the oscillations into two parts. This point, which is known in the literature as a "beating point" [28] , is mainly determined by the titanium dioxide layer (Figure 2 ). The position of the "beating point" corresponds to the thickness of the titanium dioxide. Refining the parameters to find the best fit, the thickness and roughness of the titanium dioxide layer were determined to be 36.9 Å and approximately 10 Å, respectively. A comparison of the reflectivity curves from the uncoated and OPA-coated specimens shows clearly that the curve shape has been modified ( Figure 2 ). In the Q zrange from 0.1 Å -1 to 0.2 Å -1
, the reflectivity of the covered plate is lower than that of the native specimen. The identical position of the "beating point" for both curves indicates that the chemical procedure did not alter the titanium dioxide layer. The reflectivity curve was fitted by adding an additional layer of OPA to the model applied to the unmodified plate ( Table 1 ). The SLD value for the OPA layer depends on both the chemical composition of the OPA molecule and the density of the layer. The density for this layer corresponds to the density of alkyl chains of lipids in a biomembrane in the condensed phase, which has a value of 0.86 g/cm 3 and results in SLD measurements of 8. Å -2 for X-rays and neutrons, respectively. The thickness of the OPA layer was determined to be 23 Å with a roughness of approximately 10 Å, which is in good agreement with the investigations of other authors (19-22 Å) [35, 36] . Our results indicate strongly that the titanium surface was completely coated by a monolayer of OPA with the preferred dense packing.
Neutron experiment
The goal of the study is to clarify whether a biomimetic phospholipid coating comprised of several bilayers can be formed on a metal surface and whether it is stable enough to persist under physiological conditions. Neutron reflectivity experiments are ideally suited to investigate the mimetic coatings directly at a liquid-solid interface that in the first approximation matches the realistic conditions in a human body. Neutrons can probe liquid-solid interfaces due to their large penetration depth in matter. Another advantage of using neutrons as a probe is their high sensitivity to low-mass materials, which creates sufficiently large scattering contrasts to distinguish biological objects. The SLD contrast between alkyl chains, head groups and D 2 O is much stronger for neutrons compared to X-rays, and this contrast enables one to study the structure in more detail.
In total, three Ti-coated samples were prepared and measured against D 2 O by neutron scattering. According to the neutron data analysis, all three samples were built up in a similar fashion: a SiO 2 layer of 40 Å, a Ti layer of 368 Å and a TiO 2 layer of 24 Å having roughnesses of 8 Å, 12 Å and 13 Å, respectively. Two of the samples were coated by OPA, while the third sample was left uncoated but was otherwise treated with the same steps as the OPA samples (e.g., heating and sonication in organic solvents) as a reference to check how the mechanical stress during the OPA coating procedure affects the titanium surface.
The reference measurement of the uncoated but thermally treated Ti crystal was also performed against D 2 O ( Figure 3B ). Comparing the reflectivity curves measured before and after the heating process, the oscillations from the titanium are shifted and have a larger periodicity, which indicates that the original titanium layer has become thinner due to the oxidation process that occurred during the heat treatment. In addition, the amplitude of the oscillations for the heat-treated specimen is smaller than the amplitude of the untreated sample. Because these two measurements were performed with the same resolution conditions, the weaker oscillation indicates an increased interfacial roughness. An analysis of the curve showed that the layer of titanium was approximately 10 Å thinner and that the top layer of titanium dioxide was 20 Å thicker than for the original specimen before heating. To obtain a proper fit of the reflectivity curve, an additional gradient in the SLD profile between the TiO 2 layer and the D 2 O is required ( Figure 3B ). Such a gradient can originate from undesired cracks at the surface that are filled with D 2 O and thus change the average SLD of the titanium dioxide layer. The average depth of such cracks can be estimated from the scattering length density profile to be approximately 40 Å, which corresponds roughly to the thickness of the titanium dioxide layer. These cracks in the TiO 2 layer could be the result of heating the sample to 120 degrees as part of the OPA coating process [23] .
The unmodified but heat-treated Ti crystal was probed using SEM. In contrast to the SEM images of a freshly prepared crystal before heating, these images revealed that some cracks were present on the surface (Figure 4 ) with typical widths in the range of 300 nm. The occurrence of cracks may result from the thermal expansion coefficient for titanium (titanium dioxide), which is three times larger than that for silicon (9 10 -6 and 3 10 -6°C-1 , respectively [37] ). This effect was not observed in the Xray reflectivity experiments because the silicon wafers used for the titanium deposition were ten times thinner than the silicon crystals used as specimens in the neutron experiment. At one-tenth of the thickness, the For clarity the theoretical curve obtained from the step SLD profiles are skipped, since they are quite identical to the presented theoretical curves obtained from the smooth SLD profiles. The step SLD profiles are presented (graphs C and D) as well as the smooth SLD profiles in the upper-right corners of the graphs. The region 1 corresponds to silicon; the region 2 -the layer of silicon dioxide; the region 3 -the layer of titanium; the region 4 -the layer of titanium dioxide. The parts of the SLD profiles, which are placed in region 5, fit the hydrocarbon region, in turn, the bumps in the region 5 correspond to the head's groups region of POPE.
tensile force applied to the titanium coating during the heating process was also ten times weaker and was obviously not strong enough to cause cracks to develop.
The two OPA-coated crystals were also probed against D 2 O to vary the contrast in the system. Both crystals produced similar reflectivity curves. That demonstrates the excellent reproducibility of the sample preparation. By comparing the reflectivity curves of the unmodified Ti crystal to the OPA-coated specimens, as shown in Figure 3C , the following changes in the curve shape are observed in the region below 0.07 Å -1 :
1) The intensity of the reflectivity curve of the coated crystal decays faster than for the uncoated one.
2) The first oscillation of the OPA-coated crystal is split into two oscillations at Q z =0.032 Å -1 and Q z =0.044 Å -1 ( Figure 3C ).
For Q z higher than 0.07 Å -1 , the reflectivity curves have almost the same shape to within the background noise.
Due to the relatively high roughness of the initial surface the roughness of the OPA monolayer is also high and comparable to the thickness of the OPA monolayer. In this case the slicing modeling has to be applied to build a step SLD profile as it is shown in Figure 3C . The reduction of the step size leads to a smooth SLD profile. Careful modeling of the curve for the OPA-coated titanium crystal showed that this smooth SLD profile can be obtained by adding only one rough layer to the SLD profile of the heated Ti crystal to represent the OPA monolayer. The SLD of this additional layer corresponds to the SLD of CH 2 groups at the density of the alkyl chains of the lipid membrane in the condensed phase (0.86 g/cm 3 ). The thickness of the OPA layer was found to be 24 Å.
For the analysis of the reference curve, a gradient has to be chosen to make a satisfactory model fit (Table 2 ). To check the surface for cracks, the Ti+OPA crystal was also probed by SEM. Indeed, the SEM images show similar cracks on the surface as the heated Ti crystal. The thickness and packing density perfectly match the results obtained from the X-ray data described earlier, and these two independent experiments both indicate the presence of a wellordered and uniform SAM of OPA on the titanium surface.
As the next step, a system was prepared consisting of an asymmetric bilayer of OPA plus POPE with an additional free-floating POPE bilayer. During the measurements, the sample's temperature was maintained at 20°C by the attached thermostat. At this temperature, the POPE lipids remained in the gel phase, which leads to a better ordered monolayer structure than in the case of the liquid crystalline state.
The sample was inserted into its cell directly after the Langmuir-Schaefer transfer in the LB bath with H 2 O. Then, the H 2 O in the sample cell was exchanged with D 2 O. To perform this exchange, we injected a volume of D 2 O into the chamber 5 times greater than the volume of the cell. However, the critical angle, which becomes shifted, indicates that some H 2 O continues to be present in the sample chamber due to incomplete H 2 O-D 2 O exchange. The reflectivity curve of the Ti+OPA+ POPE+2xPOPE crystal could be successfully fitted by assuming that a D 2 O-H 2 O mixture (80%-20%) was present in this measurement ( Table 2 and the SLD profile in Figure 3 and Figure 5 ).
Another important feature is the slight shift of the oscillations to the region of smaller Q z when compared to the OPA-coated sample ( Figure 3D ). This shift indicates the presence of an additional coating layer on top of the OPA layer. Supporting the assumption of an additional phospholipid coating on the OPA-coated crystal, the first two oscillations at Q z =0.032 Å -1 and Q z =0.044 Å -1 become more pronounced in comparison to the corresponding oscillations of the reflectivity curve of the Ti+OPA crystal. According to the simulation, such a change in the shape of the reflectivity curve corresponds to an increased thickness of the hydrogen-rich region between the titanium dioxide and the contrast mixture at the solid-liquid interface by 30 Å to 40 Å.
As in the case of the OPA-coated titanium crystal the slicing procedure has also to be applied for the analysis of the Ti+OPA+POPE+2xPOPE reflectivity curve resulting in a step like SLD profile (see Figure 3D) . By increasing the number of slices the calculated SLD profile converges more and more with a smooth SLD profile (see Figure 3D) , By taking into account the known size and SLD values of the molecules presented on the surface, the smooth SLD profiles indicate that the roughnesses of the layers are in order of their thicknesses. Even though the transition between the different materials in the SLD profile can not be described by a perfect Gaussian distribution in these cases, it is still possible here to approximate the rms roughness values (σ) for such interfaces by reasonable fits using the Gaussian distribution leading to the values listed in Table 2 . The model of the Ti+OPA+POPE+2xPOPE crystal considers all three steps of the POPE deposition ( Figure 1 and Table 2 ). The fitting parameters for the first five layers (up to the OPA layer) are fixed at the values obtained from the fit of the OPA-coated crystal. The water layer between the POPE monolayer adjacent to the OPA and the next POPE bilayer cannot be distinguished within the data because this water layer is only a few angstroms thick and the border area the SLD profile is smeared out due to the cracks in the TiO 2 layer. These two head group regions and the water layer are combined into one box-layer titled "Head group region 1". The layer "Head group region 2" also combines the PE region and the absorbed D 2 O molecules. The analysis is carried out in the rough approximation that the amount of the absorbed D 2 O molecules is the same for each head group regions, so the thickness of the "Head group region 1" is precisely twice the thickness of the "Head group region2". The analysis of this curve focused on the determination of SLD values and roughnesses to provide information about the quality of the coating at each step of the deposition. The thicknesses of the tail group and the head group were kept fixed at 34 Å and 8 Å, respectively, in agreement with values from the literature [38, 39] where a DPPE lipid was deposited in a similar way onto silicon and quartz surfaces. Our fits show, however, that the measured SLD for the tail region may be higher due to an incomplete coating that contains heavy water molecules. From the values of SLD, it is possible to predict the percent coating of the surface using the following calculation:
where ϕ is a volume fraction of the solvent with the corresponded SLD ρ contrast in the hydrocarbon region (ρ tails ). Using this equation leads to a LB deposition of approximately 65% and a Langmuir-Schaefer transfer of 45%. This model is confirmed by the analysis of the second reflectivity curve for the Ti+OPA+POPE+2xPOPE crystal, which was performed in H 2 O. Such an incomplete coating has been observed, for example, by Rondelli [40] , who has shown that similarly deposited DSPC-cholesterol bilayers on a silicon block contain 40% water. 
